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Abstract-The effects of retinal degeneration on the sensitivity of the retina were studied in the Royal
College of Surgeons (RCS) rat by measuring the light reflex of the pupil in response to ganzfeld (full field) flashes. Light reflex thresholds were measured for animals from 32 to 683 days of age, and an age-related decrease in sensitivity of 5.2 log units (maximum) was measured. In contrast, thresholds for non-dystrophic albino controls increased only slightly during a comparable period. RCS rat thresholds increased more for short wavelength light than for long wavelength light. The end result was an altered action spectrum of the light reflex which largely, but not exclusively, reflected cone function. Even in cases of advanced degeneration the light reflex thresholds we measured showed significant input from rods. Pupillary dark adaptation measured following ganzfeld bleaches (10%) with test stimuli of two different wavelengths revealed two mechanisms; a photopic mechanism (&,.,, = 520) determined thresholds early in dark adaptation, but later a scotopic mechanism (;.,,,,,, = 500) participated in the light reflex
INTRODUCTION
The Royal College of Surgeons (RCS) rat suffers from hereditary retinal degeneration (Dowling and Sidman, 1962) and has served as an animal model of the class of inherited human diseases, retinitis pigmentosa (Young, 1977) . Retinitis pigmentosa (RP) is a retinal degeneration syndrome with various modes of inheritance. The most commonly reported initial symptom is night blindness which may initially spare the central region. However, photopic vision and central vision eventually fail in most cases where the patient reaches a sufficiently advanced age (for a review see Krill, 1972) .
In comparison with what is known about the etiology of retinitis pigmentosa there exists a relative wealth of data concerning the nature and the time course of the physical changes which occur in the retina of the RCS rat (e.g. Bourne et al., 1938; Cicerone rt al., 1979; Dowling and Sidman, 1962; LaVail et al., 1974; Lucas et ul., 1955 , Noell, 1977 . From the work of Cicerone et al. and of LaVail et a[., it is known that both rods and cones degenerate, but the rods do so more extensively, and in a shorter period of time. The result is a drastic change from mostly rods in the retinas of young RCS rats to mostly cones in rats with advanced degeneration. Accordingly, Cicerone et al. have shown that all ganglion cells with measureable sensitivity in RCS rats with advanced degeneration appear to be driven by cone inputs. On the other hand, the spectral sensitivity of single ganglion cells in normal rats invariably matches a rhodopsin action spectrum when measured under the same (dark adapted) conditions. Although the exclusive presence of units with photopic sensitivity in the RCS retina provides evidence for the selective survival of cones, it is conceivable that many scotopic units remain undetected.
In fact, ganglion cells with low sensitivity are routinely encountered in the optic tract of older RCS rats (Cicerone et a/., 1979) .
In mammals, the pupil responds to a flash of light with a transient constriction known as the pupillary light reflex. The relative ease of observing the light reflex and its high sensitivity motivated our use of this response to estimate retinal sensitivity. In humans, the evidence that the receptors which mediate vision are the same receptors responsible for the light reflex is compelling (Lowenstein and Loewenfeld, 1969) . The direct light reflex of the rat is similar to that of humans, but unlike humans, the existence of a consensual pupillary light reflex in rats has not been demonstrated (Lowenstein and Loewenfeld, 1969) . As a control for possible extraretinal influences we determined at the outset of this study that cutting the optic nerve of the rat's eye abolished the pupillary light reflex. This confirmed that in the rat, as in humans, the light reflex depends on stimulation of photoreceptors in the retina. The pupillary system has a considerable gain and a unitary response, presumed to reflect activity integrated over large retinal areas (Bouma, 1965; Schweitzer, 1955) . These characteristics made the pupillary light reflex an ideal response with which to study the absolute sensitivity of the retina to light and the spectral sensitivity throughout the lifespan of the RCS rat. The pupillary light reflex measurements we report here provide evidence for a rod contribution persisting in advanced degeneration. This input, although reduced by over 4 log units as
